Biomimetic Functionalized Surfaces and the Induction of Bone Formation.
Tissue engineering still needs to assign the molecular basis of pattern formation, tissue induction, and morphogenesis: What next to morphogens and stem cells? Macroporous biomimetic matrices per se, without the addition of the soluble osteogenic molecular signals of the transforming growth factor-β (TGF-β) supergene family, remarkably initiate the induction of bone formation. Carving geometries within different calcium phosphate-based macroporous bioreactors we show that geometric cues imprinted within the macroporous spaces initiate the spontaneous induction of bone. Concavities biomimetize the remodeling cycle of the primate osteonic bone and are endowed with functionalized smart geometric cues that per se initiate osteoblasts' differentiation with the expression and secretion of osteogenic molecular signals that induce bone as a secondary response. To study the role of calcium ions (Ca++) and osteoclastogenesis, coral-derived calcium carbonate (CC)/hydroxyapatite (HA) bioreactors with limited conversion to HA (7% HA/CC) were preloaded with 500 μg of the L-type voltage gated calcium channel blocker verapamil hydrochloride. Bioreactors were also loaded with 240 μg of the bisphosphonate zoledronate, an osteoclast inhibitor, and implanted in heterotopic sites of the rectus abdominis muscle of Papio ursinus. Bisphosphonate-treated specimens were characterized by a delayed profoundly inhibited induction of tissue patterning with limited induction of bone. Macroporous constructs pretreated with verapamil hydrochloride yielded limited bone formation. Similarly, 125 or 150 μg human Noggin previously adsorbed onto the macroporous bioreactors resulted in minimal bone formation by induction, indirectly showing that the initiation of bone formation is through the bone morphogenetic protein (BMP) pathway. Downregulation of BMP-2 and osteogenic protein-1 (OP-1) with upregulation of Noggin correlated with limited bone induction. Angiogenesis, capillary sprouting, and Ca++ provide chemotactic signals for myoendothelial, myoblastic, and pericytic stem cell differentiation into osteoblastic-like cells expressing the osteogenic soluble molecular signals of the TGF-β supergene family. Secreted gene products are embedded directly onto the substratum within its regulatory concavities. The protected microenvironment of the concavities biomimetizes the phylogenetically ancient repetitive multitested designs and topographies of Nature. Migrating cells onto the primed substratum by osteoclastic nanotopographical geometric inductive modifications convert geometrical cues set by osteoclastogenesis into BMP gene expression pathways that ultimately set into motion the spontaneous induction of bone formation.